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We suggest that the ■yp — > <f>np reaction cross section, in the kinematics where the r\p 
invariant mass in the final state lies between the threshold value (irip+m,,) and the 
N*(1535) resonance mass, is largely determined by the r)N scattering amplitude close 
to threshold. The initial photon energy is chosen in the range 4 < E^ ab < 5 GeV, in 
order to reach low (absolute) values of the squared 4-momentum transfer from the initial 
photon to the final </<-meson. In these conditions, we expect the t-channel it - and n- 
meson exchanges to drive the dynamics underlying the ■yp — » ij>VP process. We show that 
the jj-exchange is the dominating contribution to the cross section while the 7r°-exchange 
is negligible. The jj-tt interference is of the order of 20 — 30%. The sign of this term 
is not known and alters significantly our results. Data on the -yp — » (frrjp process would 
be therefore very useful to help unravelling the behavior of the rjp scattering amplitude 
close to threshold and assessing the possibility of producing fy-nucleus bound states. 

Keywords: Meson photoproduction; eta-nucleon scattering; N*(1535). 
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1. Introduction: the 77N scattering amplitude and scattering length 

The main quantity of interest in this work is the s-wave 77-nucleon scattering ampli- 
tude (frjjv) displayed in Fig 1. This particular description of the real and imaginary 
parts of the ry-nucleon scattering amplitude is obtained in the relativistic coupled- 
channel scheme of Ref. ^ Its main features are however derived in other approaches 
as well, for example the K-matrix coupled-channel calculation of Ref. El 

The most striking feature is the shape of the real part of the s-wave r?-nucleon 
scattering amplitude close to threshold (y/s = 1.486 GeV). The narrow 'spike' in the 
vicinity of the 77-nucleon threshold implies that physics will change very rapidly with 
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Fig. 1. Real and imaginary parts of the s-wave r?7V scattering amplitude (from Ref. 1). 

the invariant rjN pair mass in this region. In particular, the threshold value of Re f^jv 
will decrease significantly in nuclei where the 77- meson scatters from bound nucleons. 
The imaginary part of the amplitude is dominated by the N*(1535) resonance and 
hence peaks close to the resonance nominal mass. Because the N*(1535) resonance 
lies only 49 MeV above threshold, the invariant mass region sensitive to the real part 
of the amplitude is quite restricted and limited to 7?-nucleon pair total center of mass 
energy within ~25 MeV of threshold. The ?y-nucleon scattering amplitude displayed 
in Fig. 1 describes only s-wave dynamics and is therefore not valid beyond y/s «1.6 
GeVUJ For future considerations, it is useful to recall that the N*i/2-(1535) has 
the same spin and isospin as the nucleon but the opposite parity. The width of 
the N*(1535) is of the order of 150 MeV. Its two main decay channels are the N7r 
(35-55 %) and the Nry (30-55 %) final states^. 

The rj- nucleon scattering length in the model of Ref. Q can be read off Fig. 1. 
It is a^jv=(1.03 + i 0.49) fm. The corresponding quantity obtained in Ref. is 
a r;W=(0.91(6) + i 0.27(2)) fm. The range of values found in the literature for Re a V N 
(from ~ 0.3 to ~1 fm) is however much broader than these two values suggest and 
reflects the indirect nature of the determination of Re a n N from rj- meson production 
reactions such as 7rV — > rjN, — > r/N, pn — ► ijd, pd — > rfHe, etc... 

The purpose of this work is to show that the jp — > 4>r\p process in specific 
kinematic conditions is most sensitive to the 77-nucleon scattering at threshold. 
These conditions are twofold. On the one hand the rjp invariant mass in the final 
state should be close to its threshold value (m p +m^) and not much larger than the 
N*(1535) resonance mass. On the other hand the initial photon energy should be 
sufficiently high, typically in the range 4 < E^ ab < 5 GeV, in order to reach low 
(absolute) values of the squared 4-momentum transfer from the initial photon to 
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the final </>-meson (\t\ < 1 GeV 2 ). The latter constraint is needed to ensure that the 
description of the jp — » (f>r]p reaction by a meson-exchange picture be legitimate. 

We discuss our t-channel meson-exchange picture of the jp — ► (\>r\p reaction in 
Section 2. We present numerical results and concluding remarks in Section 3. A 
more extended version of this study can be found in Ref. 0] 

2. The 7p — > (fir/p reaction cross section in the N*(1535) region 

In the restricted kinematics defined above, we expect t-channel meson-exchanges to 
drive the dynamics underlying the jp — > 4>rjp process. There are both experimental 
data and theoretical arguments to justify this statement. 

Recent measurements of the jp^><ftp reaction by SAPHIR at ELSA^ (E^ ah < 
2.4 GeV), by CLAS at JLafP(£^ ab = 3.5 GeV) and LEPS at SPring-cd (E^ ab < 
2.37 GeV) all indicate that the differential cross sections da/dt are peaked at for- 
ward angles. This feature is more pronounced with increasing photon energy. This 
behavior suggests that t-channel exchanges dominate the (f> photoproduction dy- 
namics at low t for photon energies of a few GeV. The theoretical issue is to single 
out the exchanges which are the most significant. In the case of the jp — > dp 
reaction, scalar and pseudoscalar mesons as well as pomerons can be exchanged^. 
The calculated cross sections, and hence the relative importance of these exchanges, 
depend very much on the description of the vertices (coupling constants and form 
factors). It is therefore quite difficult to disentangle the different contributions. 

In the case of the 7p — ► <frqp process, the negative parity of the N*(1535) implies 
that the photoproduction of a 0-meson associated with the excitation of the target 
proton into a N*(1535) resonance be induced by a pseudoscalar exchange. There 
are only two terms, the tt°- and the ^-exchanges depicted in Fig. 2. 
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Fig. 2. 7r - and r^-exchange contribution to the ■yp — > 4>'<]p process. 

The dynamical inputs of our calculation are therefore the 7</>7r° and the 7^77 
vertices and the ~np — > r\p and rjp — > r\p scattering amplitudes. 
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The 707T and the 7^77 vertices are described by the anomalous interaction La- 
grangian 

C% r = e%ZLeV°f > 4> lt (d vX )F aft , (1) 

where F a j3 is the electromagnetic field tensor, 

F a0 = d a Ap - d p A ai (2) 

and x denotes the chiral pseudoscalar mesons of interest, the pion or the ?7-meson. 
Using this interaction Lagrangian to calculate the <j> —> ir°j and <f> — > 777 partial 
widths, we can derive the values of the coupling constants from the measured partial 
widths^. We find 

\g^\ ^ 0.13, \g^m\ ^ 0.70. (3) 

On the basis of these couplings only, the pion-exchange contribution to the cross 
section will be suppressed by a factor of the order of 29 compared to the 77-exchange 
contribution. This suppression factor is about 5 for the tt° — rj interference. This 
interference may therefore be significant. Its sign cannot be determined unambigu- 
ously from available data (see the discussion of Ref. UJ. We consider therefore both 
constructive and destructive interferences in the presentation of the numerical re- 
sults. 

The up — > 77 p and rjp — > r\p s-wave scattering amplitudes used to calculate the 
7P — > 4>rjp cross section were obtained in the relativistic, unitary coupled-channel 
model of Ref. Q This approach reproduces a large set of pion-nucleon and photon- 
nucleon scattering data in the energy range 1.4 < y/s < 1.8 GeV, in particular the 
pion- and photon-induced 77-meson production cross sections close to threshold. The 
N*(1535) resonance of interest in this work is generated dynamically through meson- 
baryon scattering using the Bethe-Salpeter equation. The r\p — ► r\p amplitude is 
shown in Fig. 1 and the 7rp — > r\p amplitude in Fig. 3. One should note that the 
s-wave 7rp — > r\p amplitude is significantly smaller than the r\p — > r\p amplitude 
close to the 77-meson threshold, suppressing further the pion-exchange contribution 
to the 7p — > 4>rjp cross section. 

The squared amplitudes corresponding to the 7r-exchange, the 77-exchange and 
their interference are 

El I ^-exchange |2 _ e ff</>7r 7 ( TO ~ t) 1 r-»iw ,2 / A \ 

_4 |M ^" 1 " 4 777,2 ( i_ m 2 )2 2 \ M -P^p\ , W 

A-y ,A, A,^ , A A, A 



El I M v-exchange |2 _ e 9 fay ( m *) 1 ^ , ,2 /r\ 

4 I Myp^VP I " 4m 2 (i_ m 2)2 $ I^P^PI . W 
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Fig. 3. Real and imaginary parts of the s-wave 7riV — > »yN scattering amplitude (from Ref. 1). 



We assume in the derivation of these equations that the 777^ and "/it <p transition 
form factors are one. This is a choice based on dynamical considerations outlined in 
Ref.0]in the absence of direct constraints from data. There is an obvious uncertainty 
linked to that assumption. If the jr/ip and 771"^ transition form factors turned out 
to be soft, the differential cross sections, der/dt, could be significantly different. 

Our model takes into account the 77-nucleon final state interaction to all orders, 
but does not treat </>-nucleon rescattering in the outgoing channel. We do not expect 
this rescattering to be very important in the kinematics under consideration, i.e. 
with a large relative momentum between the 0-meson emitted at small angles and 
the recoiling target products. 

Before showing results, it is useful to comment on the kinematics of the j p — > 
4>rjp reaction. At the 4> threshold, E^ ab —3 GeV and \t mm \ is 1.2 GeV 2 . This number 
is obtained assuming the invariant mass of the rjp pair to be the N*(1535) mass. 
Meson-exchange models are expected to be valid at low \t\ (\t\ < 1 GeV 2 ). We 
consider therefore values of E^ ab significantly above threshold. In this paper, we 
display results for E^ ab =4 GeV where \t mm \ is 0.38 GeV 2 . We refer to Ref. 4 for a 
similar study at 5 GeV, where \t m i n \ is 0.26 GeV 2 . 
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3. Numerical results and concluding remarks 

We have calculated differential cross sections for the jp — > 4>rjp reaction at two 
values of invariant mass of the rjp pair (denoted w) , chosen to be sensitive to the real 
and to the imaginary parts of the s-wave rjN scattering amplitude. We consider w= 
1.49 GeV (where the real and the imaginary parts are of comparable importance) 
and w= 1.54 GeV (where the imaginary part is largely dominant). 

We show first in Fig. 4 the differential cross section for the jp — > (f>i]p reaction 
at E^ ab = 4 GeV for a total center of mass energy of the i]p pair of 1.49 GeV. 
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Fig. 4. Differential cross section da^ v ^^ 17]v l dtdw at E^ ab = 4 GeV for a total center of mass 
energy of the rjp pair of 1.49 GeV. The full and dashed lines are the total differential cross sections 
assuming a destructive and a constructive TT°-r} interference respectively. The dot-dashed and 
dotted lines show the contributions of the ?7-meson and 7r°-exchanges (from Ref. 4). 

The different curves illustrate the features and uncertainties of our calculation. 
The full and dashed lines are the total differential cross sections assuming a destruc- 
tive and a constructive Tr°-r] interference respectively. The dot-dashed and dotted 
lines are the contributions of the 77-meson and of the 7r°-exchanges. We remark first 
that 7r°-exchange contribution is negligible as expected. The 77-meson exchange is 
clearly the dominant contribution to the jp — > <pT]p cross section, hence justifying 
our primary motivation to use that particular reaction to study the rj N — > r\ N am- 
plitude close to threshold. The full and dashed lines are indicative of the importance 
of the rj — 7T° interference. Depending on the relative sign of the coupling constants 
<707r 7 and g^-y, the differential cross section decreases (like signs) or increases (oppo- 
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site signs) by ~ 20 — 30%. If the r/— ir° interference is constructive, the pole structure 
of the 77-exchange and of the interference leads to a rather sharp t-dependence close 
to t m i n . This effect will increase with increasing laboratory photon energy as a lower 
\tmin I can be reached. If the 77 — n° interference is destructive, the terms driving the 
increase of the differential cross section at low \t\ cancel significantly, leading to a 
rather flat behavior. 

In general, the cross section is rather small as a consequence of the value of w, 
which is very close to the rjN threshold. We refrain from performing an integration 
over t in view of the fact that our model is not valid for \t\ > 1 GeV 2 . 

We present in Fig. 5 the differential cross section for the ^p — > (fir/p reaction at 
fiLab _ 4 GeV for a total center of mass energy of the ijp pair of 1.54 GeV. 
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Fig. 5. Differential cross section do^ v ^$ nv l dtdw at E^ ab = 4 GeV for a total center of mass 
energy of the r\p pair of 1.54 GeV. The full and dashed lines are the total differential cross sections 
assuming a destructive and a constructive n -n interference respectively. The dot-dashed and 
dotted lines show the contributions of the 77-meson and 7r°-exchanges (from Ref. 4). 



The features of the results are quite similar to those observed on Fig. 4. The 
main difference is that the cross section is roughly twice larger, as a consequence of 
the opening of phase space for the 777V final state. 

The main conclusions to be drawn from this calculation can be summarized as 
follows. 

In the kinematics where the rjp invariant mass in the final state lies between 
the threshold value (m p +m,,) and the N*(1535) resonance mass, the 7p — > <j>T]p 
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reaction is largely determined by the rjN scattering amplitude close to threshold. 
The most appropriate range of initial photon energy is 4 < E^ ab < 5 GeV, in 
order to reach low (absolute) values of the squared 4-momentum transfer and to be 
able to rely on meson- exchange pictures. 

The actual magnitude of the jp — > 4>rjp reaction cross section depends signifi- 
cantly on the relative sign of the coupling constants and g^-y- An independent 
determination of that sign would be very useful. 

Finally, accurate data on the jp — > (firjp reaction taken at 4 < E^ ab < 5 
GeV and involving t-distributions at different ijp invariant masses would clearly 
contribute to the understanding of the r]p scattering amplitude in the threshold 
region. 
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